The Gonjo basin consists of a long and narrow belt of lower Tertiary sedimentary rocks that record tectonic and environmental conditions during the early stages of India-Asia collision. The basin fi ll is dominated by continental sediments refl ecting predominantly alluvial fan, fan-delta, fl oodplain, and lacustrine deposition. Growth stratal relations indicate that accommodation was created along with the onset of compressional deformation and the generation of structural relief associated with fault-propagation folds. Sediments were derived from proximal locations and deposited into a synclinal trough between bounding antiformal culminations. Deformation outlasted sedimentation, and the Gonjo basin sediments are now part of footwall synclines to bounding reverse faults that broke through the original bounding folds. The preservation of basin-margin facies suggests that the present exposure of Tertiary sediments broadly corresponds with the original extent of the basin. Shortening of the basin is limited, but the throw on the bounding faults increases from south to north, with perhaps as much as 4 km of throw on bounding reverse faults in the northern part of the basin. Beyond the basin, at least some, if not most, of the regional shortening occurred in Mesozoic time and thus likely predated India-Asia collision. Estimates of shortening unequivocally related to continental collision are hampered by the diffi culty of distinguishing late Mesozoic from early Cenozoic deformation: only locally are the two deformations not coaxial. Strike-slip faulting post-dates sedimentation, and is not associated with the creation of accommodation space in this basin. Strike-slip deformation consisted of distributed left-lateral faults where the uppermost rocks of the basin are shallowly detached, as well as a few prominent leftlateral faults, including one on strike with the active left-lateral Litang fault. Limited early Cenozoic shortening in eastern Tibet suggests that upper crustal deformation made only a minor contribution to the almost doubling of crustal thicknesses in this region.
INTRODUCTION
Although it is the type example of a continental collision, the Tibet-Himalaya system remains incompletely understood. This is especially true of the Tibetan plateau, despite recent progress in understanding its tectonic evolution through structural and sedimentological fi eld studies, as well as geodetic, seismological, remote sensing, and modeling work. Many kinematic and dynamic models of the deformation and evolution of the Tibetan plateau have been proposed, and remain subjects of considerable debate. Outstanding issues include the role and timing of upper crustal shortening and its relationship to crustal thickening (e.g., Kapp et al., 2005; Spurlin et al., 2005) ; the role of strike-slip faulting in accommodating both northward indentation of the Indian continent (e.g., Replumaz and Tapponnier, 2003; Leloup et al., 1995) as well as the localization and propagation of crustal thicken-ing Meyer et al., 1998) ; whether the evolution of the eastern margin of the Tibetan plateau refl ects expulsion of large, rigid terranes (Replumaz and Tapponnier, 2003; Leloup et al., 1995; Tapponnier et al., 1982) or the development of a broad zone of distributed shear and deformation (e.g., Hallet and Molnar, 2001; Wang and Burchfi el, 1997; Dewey et al., 1989) ; the contribution of fl owing weak middle or lower crust to changes in crustal thickness and elevation (Royden et al., 1997; Clark and Royden, 2000; Bird, 1991) ; and whether the active tectonics observed on the northeastern or eastern margins of the Tibetan plateau provide useful analogues for understanding the early Cenozoic history of more central regions of the plateau Metivier et al., 1998; Meyer et al., 1998) . Given the preeminent place of the Himalayan-Tibetan orogen as a type example of collisional tectonics, these questions and issues are of fi rst-order importance to the understanding of continental deformation.
Early Cenozoic continental sediments deposited contemporaneously or soon after the onset of India-Asian collision ca. 45−50 Ma (Rowley, 1996) provide an obvious target for gaining insight into the early stages of the growth of the Tibetan plateau. They provide a direct record of erosion, deposition, and processes creating accommodation space during the early history of the plateau. Moreover, they suggest a means to distinguish Cenozoic structures from the products of a long and protracted precollisional deformation history. These continental sequences are generally found in an arcuate belt that extends from the central plateau into the western Yunnan province, mostly within the Qiangtang terrane ( Fig. 1 ). Most of these basins have only been mapped in the course of regional survey mapping (Qinghai Bureau of Geology and Mineral Resources [BGMR] ), but recent detailed structural and sedimentological studies of the Hoh Xil Liu and Wang, 2001; Liu et al., 2003) and Nanqian-Yushu basins (Horton et al., 2002; Spurlin et al., 2005 ; Fig. 1 ) have added considerable and much needed detail. These studies have shown that these lower Tertiary sediments were deposited in restricted, narrow basins in the footwalls of thrust faults, and were likely similar to some intermontane basins found within the actively shortening Qilian Shan and Tien Shan mountain belts northwest and northeast of the present Tibetan plateau Metivier et al., 1998) . This paper focuses on early Tertiary rocks exposed in the Gonjo basin, a long (~200 km), narrow basin south and east of the Nanqian-Yushu basins and directly north of the eastern Himalayan syntaxis in eastern Tibet. Beyond providing an additional record of deformation and sedimentation to supplement studies of possibly analogous or related basins farther north and west, the Gonjo basin is of particular interest because of its location: here, east-westoriented geological trends of the central plateau are apparently defl ected into north-south trends of rocks found farther to the east and south. The Gonjo basin's location is therefore uniquely suited for addressing questions as to whether the evolution of the eastern margin of the Tibetan plateau is signifi cantly different from that of central Tibet. In particular, we are interested in the following questions: (1) whether Cenozoic deformation can be disentangled from structures refl ecting an earlier precollisional deformational history; (2) whether Cenozoic upper-crustal shortening balances the tremendous amount of crustal thickening that characterizes the eastern Tibetan crust; and (3) whether we can constrain the timing of strike-slip deformation in this area, and its role in tectonic evolution here.
In this paper we describe fi eld relations of the lower Tertiary sediments of the Gonjo basin, and their relationship to thrust and strike-slip faults. We focus on three separate areas of the basin where we mapped in detail. We describe the sedimentary facies found in the basin, present new age control for these sedimentary rocks, propose depositional environments, and compare their setting to likely contemporary analogues found at the modern margins of the Tibetan orogen. We argue that basin subsidence and sedimentation occurred contemporaneously with folding and thrusting along the basin margins. Finally, we evaluate whether Cenozoic shortening in this area is quantifi able or can be distinguished from late Mesozoic tectonism. The presence of a pre-Tertiary angular unconformity requires that some or most of the shortening of Mesozoic rocks here must have occurred prior to India-Asia collision.
REGIONAL GEOLOGIC SETTING

Major Geological Boundaries and Tectonic Elements of Eastern Tibet and Southwestern China
Eastern Tibet and western Sichuan and Yunnan provinces are underlain by a collage of distinct tectonic elements or blocks that accreted to Eurasia from Triassic-Early Jurassic time (Şengör and Natalin, 1996; Metcalfe, 1998; Fig. 1) . The Gonjo basin is within the Qiantang element, which extends from the Pamir Mountains and western Tibet. Qiangtang rocks underlie much of central Tibet before being defl ected into a north-south orientation in the region north and east of the eastern Himalayan syntaxis [a region also known as the Three Rivers or Sanjiang, after the Nu (Salween), Lancang (Mekong), and Jinsha (Yangzi) Rivers]. South of the Three Rivers region, the Qiangtang block may be correlative to the Lanping-Simao belt, a correlation based on tracing the bounding sutures of the Qiangtang element and several distinct packages of rocks of Late Triassic and younger age. The older, pre-Late Triassic stratigraphy of Qiangtang province differs from that of the Lanping-Simao belt, and a poorly defi ned suture of Middle Triassic age (Lancangjiang suture; Metcalfe, 1998 ) may be present in the Three Rivers region.
In the vicinity of the Gonjo basin, the Qiantang element is bounded on its northeastern side by the Triassic Yidun arc terrane and the Jinshajiang suture (Reid et al., 2005b; Şengör and Natalin, 1996) . The Jinshajiang suture can be traced southward through the Three Rivers region into Yunnan, where it appears to be continuous with the Ailao Shan suture (Metcalfe, 1998) . To the southwest, the Bangong-Nujiang suture separates the Qiangtang element from the Lhasa element. This suture appears to extend southward to the Cenozoic Gaoligong and Chongshan shear zones (Akciz et al., 2008; Akciz, 2004) , which, like the Cenozoic Ailao Shan shear zone (Leloup et al., 1995 (Leloup et al., , 2001 , reactivates older Mesozoic sutures ( Fig. 1 ).
Early Cenozoic Syncontractional Basins and Cenozoic Magmatism
The Gonjo basin is one of several faultbounded basins of early Cenozoic age exposed in the Qiangtang and Lanping-Simao elements (Fig. 1 ). To the northwest and west, these include the Hoh Xil (also referred to as the Fenghoushan or Erdaogou) basin Liu et al., 2003; Liu and Wang, 2001; Coward et al., 1988; Yin et al., 1988) and Nanqian-Yushu basins (Spurlin et al., 2005; Horton et al., 2002) . South of the Three Rivers region, similar rocks are exposed in Lanping-Simao province . Other small occurrences of early Tertiary sedimentary rocks occur within the Three Rivers region and in western Yunnan province ( Fig. 1) . Early investigations of these continental Tertiary deposits interpreted these as molasse deposits deposited in advance of, and eventually incorporated into, the advancing orogenic front (Yin et al., 1988) . However, recent detailed studies of the Hoh Xil and Nangqian-Yushu basins have shown that these basins are fi lled with terrestrial sequences that were deposited into small restricted and isolated basins (Horton et al., 2002; Spurlin et al., 2005; Wang et al., 2002) . Sedimentation occurred broadly contemporaneously with motion on bounding compressional structures into accommodation space created in the footwalls of the bounding structures. Map relations and stratigraphy described on existing Chinese geological survey maps suggest similar origins for other Tertiary sections exposed south of the Gonjo basin in the Three Rivers region and into the Lanping-Simao element. The widespread occurrence of Tertiary deposits in the footwalls of reverse faults appears to be characteristic of Qiantang crust (Kapp et al., 2005; Spurlin et al., 2005; Horton et al., 2002) . However, the Gonjo and smaller basins in the Three Rivers corridor have also been interpreted as pull-apart basins (Hou et al., 2003; Li, 1996) .
Other Tertiary rocks are isolated small plutons emplaced at shallow level and related volcanic rocks that are locally interbedded with the early Cenozoic terrestrial sediments. The intrusions form an arcuate belt that parallels the boundaries of Qiangtang and Lanping-Simao and the general distribution of Cenozoic syncontractional sedimentary basins. These intrusions are locally associated with major Cu-Au porphyry type mineral deposits (Hou et al., 2003) , and their chemistry suggests a signifi cant mantle component, which has been interpreted as suggesting subduction of subcontinental mantle, probably along the Jinsha suture, during early to middle Cenozoic time (Spurlin et al., 2005; Wang et al., 2001) .
Active Tectonics of the Eastern Margin of the Tibetan Plateau
Geodetic and geological studies have shown that present active structures in eastern Tibet and western Yunnan province consist only of strike-slip and normal faults and accommodate no shortening of the upper crust (Burchfi el et al., 2007; Shen et al., 2005; Chen et al., 2000; Wang et al., 1998) . To a fi rst order, the active kinematics are characterized by clockwise rotation of material about the eastern Himalayan syntaxis in a region bounded by the arcuate left-lateral Xianshuihe-Xiaojiang fault system (Wang et al., 1998; Holt et al., 2000) , although within this region other strike-slip and normal faults defi ne second-order differentially rotating fragments (Burchfi el et al., 2007) . At present, the eastern margin of the Tibetan plateau comprises highelevation, low-relief uplands that are currently being dissected and incised by the Jinsha, Nu, and Lancang Rivers and their tributaries (Clark et al., 2006 (Clark et al., , 2005 . High elevations here refl ect thick continental crust (Li and Mooney, 1998; Xu et al., 2007) . The absence of active compressional structures requires that all crustal thickening occurred prior to the establishment of the current tectonic regime (in the late-middle to late Miocene; Wang et al., 1998) , or, if crustal thickening is ongoing, it is caused by fl ow of the lower or middle crust, decoupled from the upper crust (Clark et al., 2006; Clark and Royden, 2000; Royden et al., 1997) .
Structural and Geological Setting of the Gonjo Basin
Compilation of existing geological maps (Qinghai BGMR), together with our own fi eld mapping shows that deformation of Mesozoic and Paleozoic rocks in the vicinity of the Gonjo basin is characterized by upright folds and steep reverse faults (Fig. 2 ). Folds are detached at multiple stratigraphic levels, range from fairly open to almost isoclinal in the thinner-bedded, more shaly lithologies, and are rarely associated with a weak, subvertical spaced cleavage. Reverse faults strike parallel to fold axes, appear to be steep where exposed, and typically have very little stratigraphic separation. The deepest stratigraphic levels are Paleozoic rocks exposed immediately west of the Gonjo basin, and a complex of variably metamorphosed Paleozoic sediments and granites adjacent to the Jinsha suture ( Fig. 2) , unconformably overlain by Lower Triassic rocks.
Figure 2.
Map of the Gonjo basin and its surroundings. Stratigraphy and structure were compiled from existing regional geological maps, supplemented by our own mapping along the Chengdu-Lhasa highway, and in the vicinity of the Gonjo basin.
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The strike of the Gonjo basin and its bounding structures is generally parallel to the dominant structural grain, as refl ected by the orientation of the fold axes and reverse faults deforming mostly Mesozoic rocks west of the Jinsha suture. There is no direct evidence of multiple deformation generations (e.g., refolded folds, multiple fabric generations) affecting Mesozoic rocks, and the parallelism of these structural trends with structures that deform the Tertiary rocks of the Gonjo basin requires that either all the deformation is Cenozoic in age, or that Cenozoic deformation was coaxial with the earlier (possibly Late Triassic; Reid et al., 2005a) deformation. There are three notable exceptions to these generally parallel structural trends. First, reverse faults that involve Paleozoic basement to the immediate west of the Gonjo basin trend northwest to north-northwest. Second, northwest-trending fold axes in Mesozoic rocks mapped during regional survey mapping (Qinghair BGMR) are oblique to and unconformably overlain by Gonjo basin sediments on the northwest side of the basin (Fig. 2 ). Finally, west-and northwest-striking high-angle strikeslip faults cut the Gonjo basin and its bounding structures (Fig. 2 ).
GONJO BASIN: STRATIGRAPHY
In this section we describe the pre-Tertiary stratigraphy as a few major packages of rocks bounded by unconformities ( Fig. 2) . We then describe the Tertiary stratigraphy of the Gonjo basin, which we have subdivided into a small number of mappable units based on lithofacies correlations.
Pre-Cenozoic Rocks
Depositional basement to the Gonjo basin consists of marine carbonate and clastic Paleozoic units and a wide range of Triassic units. The range of stratigraphic levels exposed underneath the sub-Tertiary unconformity is quite large: on the western side of the basin, Tertiary rocks overlie Ordovician, Permian, Carboniferous, and Triassic units. The range of stratigraphic levels refl ects a pre-Cenozoic deformational history, involving the formation of tight fold axes and steep reverse faults that interleave Paleozoic and Mesozoic rocks. These structures are oblique to the trend of the basin and unequivocally younger structures. To the east, depositional basement to the Gonjo sediments is exclusively Triassic in age. Where not obscured by younger compressional structures, regional survey maps show Upper Triassic rocks unconformably overlying the Paleozoic, and, in places, an unconformity separating the Lower and Middle Triassic units from uppermost Triassic rocks.
Paleozoic Rocks
Lower Paleozoic rocks exposed in our map area are the Ordovician Qinyido Formation (Qinghai BGMR), which consists of variegated shales and minor sandstone, green mudrocks and shales interlayered with recrystallized limestone and minor thinly bedded sandstone, and minor intermediate to mafi c fi nely laminated metavolcanics (tuffs or reworked volcaniclastics) overlain by gray weakly cleaved sandstone with phyllitic horizons. Deformation in these dominantly thinly bedded units consists of pervasive tight folds. Axial planar cleavage is dominantly steep, and is crenulated about subhorizontal axes. Both bedding and cleavage intersect a depositional contact with the Tertiary Gonjo basin rocks at a high angle.
Upper Paleozoic rocks are Permian and Carboniferous limestones. The Permian Manchou formation is a deep gray to dark blue-gray, medium to thickly bedded (0.5-3 m) limestone distinguished by minor fossil horizons (crinoid stems, some minor brachiopods, and ammonites) and layers of massive chert and ellipsoidal chert nodules. Carboniferous limestone units are typically massive, micritic blue-gray limestones with few primary features preserved. Bedding is indistinct, fossils are uncommon, as are interlayered sandstone beds; chert nodules are present but not ubiquitous.
Mesozoic Rocks: The Triassic Section
The Triassic sequence consists of a thick section (>7 km) of mostly marine detrital rocks and carbonates that are interbedded with mafi c to intermediate volcanic rocks. South of the Chengdu-Lhasa highway, an unconformity is mapped between Upper Triassic strata and older rocks, and we therefore break the Triassic into two principal map units in our regional map (Fig. 2) . The overall depositional setting of these rocks remains unclear. To the west, Upper Triassic rocks unconformably overlie the Carboniferous, with the intervening (<1.5 km) Permian section almost always absent. Farther to the east, near the Jinsha suture, Paleozoic rocks consist of Ordovician-Carboniferous rocks, are variably metamorphosed, and are intruded by Paleozoic and Mesozoic plutons. The contact between these rocks and the Mesozoic rocks is generally mapped as an unconformity, though this is obscured by later deformation. The northern margin of this sequence of rocks is an east-weststriking, northward-dipping fault placing Lower Triassic conglomerate and sandstone on Devonian(?) granite. Faultward-dipping beds of Triassic conglomerate, whose clasts are dominated by granite, suggest that this fault may have been an early normal fault, and that Lower Triassic strata may have been deposited in extensional basins.
Above the basal conglomerates, early shoreface sandstones and fl uvial conglomerates (T1, Qinghai BGMR) pass into a thick shelf carbonate section (T2s), which is overlain by distal, fi ne-grained turbidites (T2w). Above these rocks, the upper Middle Triassic section (T2-3j, Jiangda formation) is quite distinctive and characterized by thick packages of intermediate to mafi c volcanic rocks interbedded with clastic (mostly shales, with some mature sandstones and conglomerates) and rarer carbonate units. Upper Triassic units (T3ch, T3q, T3a, T3b) together constitute another distinctive and regionally extensive package. These consist of a succession of thin carbonates, terrestrial sediments including coals, and fi ne-grained mudstone and sandstone.
Contacts within the Triassic section are typically strongly deformed along surfaces subparallel to bedding, which is likely the result of fl exural slip during broad, upright folding of thickly bedded competent units and the development of detachment horizons accommodating tight folds in the thinner bedded weaker units. East of the Tertiary Gonjo basin rocks, structural trends within these rocks are parallel to structures deforming the Tertiary section. Where depositional contacts between the Gonjo basin rocks and the Triassic are exposed, however, we always observed a pronounced angular unconformity. On the northwest side of the basin, folds in upper Mesozoic rocks are oblique to and overlain by the Tertiary rocks. Therefore, although the Mesozoic rocks do not show direct evidence (e.g., in the form of refolded folds or multiple fabrics) for multiple generations of deformation (Reid et al., 2005a) , signifi cant deformation of the Mesozoic rocks must have occurred prior to the deposition of the Gonjo basin rocks.
Tertiary Rocks
Overview
The Gonjo basin fi ll is dominated by continental redbed facies deposited in a narrow, structurally controlled basin. Much of the exposed basin fi ll is dominated by thinly bedded, fi ne sand-, silt-, or mud-sized sediment. In the best exposed section through the basin, near Gonjo village, mudstone, siltstone, and fi ne sandstone represent ~70% of the exposed basin fi ll. Sections on the eastern side of the basin adjacent to the basin-bounding reverse faults are characterized by coarser facies. Lacustrine facies composed of siltstone, claystone, and rarer carbonate beds are common near the top of most sections we observed (Fig. 3) . The general range of sedimentary facies exposed in the Gonjo basin is similar to those reported by Horton et al. (2002) for the basins of the Nanqian-Yushu area. They interpreted these basins as internally drained, structurally controlled basins, and interpreted mud and carbonate deposition as refl ecting nearshore lacustrine settings and gravel and sand deposition as fan-delta to alluvial-fan environments.
Limited accessibility restricted our detailed fi eld work to selected segments of the basin. The best exposure and easiest access is found around Gonjo village proper and salt mines south of Gonjo village. We refer to these parts of the basin as the Gonjo Village and Salt Mines sections (Figs. 3 and 4) . The central part of the basin is accessed from the principal highway between Lhasa and Kangding, and we refer to it as the Lhasa Highway section and map area (Figs. 3 and 6). The northernmost section (North section; Figs. 3 and 5) is the least accessible and the exposure is mediocre at best. However, vol-canic rocks are exposed here that provide the best age control for these rocks.
The generalized stratigraphic columns for all these areas are shown in Figure 3 . We divided the rocks of the Gonjo basin into easily mappable units, and describe them as such. In this section, we group our descriptions of the map units according to broad lithofacies types, so as to try to avoid needless repetition. Units of the Gonjo Village, Lhasa Highway, and North map areas are given the prefi xes g, h, and n. The middle letter (e.g., M, S, G) refl ects the dominant facies of each map unit, and the trailing numeral indicates the stratigraphic position (M1 for the lowest mudstone dominated unit). Also in Figure 3 , we propose correlations between the sections described in each area. However, it is important to note that the areas are quite far apart, and that we have observed considerable facies variation both down-dip and along strike. Therefore, there is considerable uncertainty about the exact time equivalence between correlated rocks, and correlated facies may have been developed diachronously.
Units of the Gonjo Village and Lhasa Highway map areas defi ne a large asymmetrical syncline with a steep eastern limb. The steep (and locally overturned) limb of this structure carries a condensed and coarser version of the western section ( Figs. 3 and 4 ). Whereas the Gonjo Village and Lhasa Highway sections share similar structural setting and stratigraphy, the North section is somewhat different. Most notably, this area contains the only volcanic rocks exposed in the basin. There also appears to be a greater proportion of subaerially deposited fl uvial-alluvial facies, as well as disconformities marked by paleosol development and possible erosion. Remote sensing and existing maps suggest that the upper parts of the southern mapped sections are probably time correlative with the middle part of the North section. That is, the sedimentary record of the North section includes younger rocks than in sections to the south, which explains the lack of volcanic rocks in the Lhasa Highway, Gonjo Village, or Salt Mines sections.
Map Units Eolian sandstone (map units gE, hE).
These units consist of very distinctive deposits of medium-to coarse-grained, very well sorted sandstone characterized by large, meter-scale cross-beds ( Fig. 6A ). Interbedded with the cross-bedded sandstone are rare thin horizons of matrix-supported angular pebble conglomerate and sandstone with clasts derived from local Mesozoic rocks. These rocks are found at or near the base of the section, on the western side of the basin in the Gonjo Village and Lhasa Highway areas. There, they are found immediately above an angular unconformity and an associated angular matrix-supported conglomerate that appears to fi ll in paleotopography on the order of a few tens of meters. The thickness of these units is quite variable: near the village of Gonjo (Fig. 3 , Village West section; Fig. 4 , cross-section A), this unit is ~70 m thick. This unit thickens to the south to nearly 640 m ( Fig. 3 , Salt Mines West section; Fig. 4 , cross-section B). In the Lhasa Highway map area, this unit is only 35 m thick. This unit was not mapped in the North map area, but a 100-m-thick package dominated by similar facies was found near the middle of the North area section, within unit nS2.
We interpret these rocks as eolian dune deposits. Interbedded pebbly sandstone and sandstone may be the deposits of ephemeral streams. Angular matrix-supported conglomerate represents colluvium mantling the pre-Tertiary landscape.
Cobble conglomerate (map units gG, hG, nG1, nG2). Map-scale conglomerate units are found near the bottom of the section, either directly above the sub-Tertiary unconformity (nG), or overlying eolian sandstone units (gE). There is a notable association of coarse conglomeratic facies with basin-bounding structures. In the Lhasa Highway and Gonjo Village map areas, these units are found on the east side of the basin, close to the major basin-bounding thrust fault. In the southern part of the Gonjo Village map area, this unit is also mapped on the west side. Here, surface-breaking reverse faults are found on both west and east sides of the basin.
These units consist of well-rounded pebble to cobble, clast-supported conglomerates. Two distinct facies types were identifi ed: the fi rst consists of thick, moderately sorted, indistinctly bedded cobble conglomerates with clast-and matrixsupported units, and indistinct internal stratifi cation. Clast compositions include quartz, carbonate, basalt, and variegated shales that appear to be sourced from the nearby Paleozoic and Triassic units. This facies type is generally found near basin-bounding structures. Exposures of gG in the Salt Mines area locally include boulder size clasts, as does unit nG2, the highest Tertiary unit in the North map area. The nG2 unit is characterized by particularly coarse-grained, unsorted material, a complete lack of stratifi cation, and subangular to subrounded clasts.
The second facies consists of 2-3-m-thick beds of well-rounded pebble to cobble, clastsupported conglomerates, interbedded with thinner coarse sand to pebbly sandstone beds ( Fig. 6B ). Gravel beds have erosive bottoms, show clast imbrication, internal stratifi cation, and cross-stratifi cation, are well sorted, and dominated by quartz and sandstone clasts.
Gravel beds commonly fi ne upward to a mix of pebbly sandstone and cross-bedded coarse sandstones. This facies represents much of the gG unit on the west side of the basin in the northern part of the Gonjo Village map area (Fig. 3 , section Village West; Fig. 4 , cross-section line A). Similar facies are present as coarser beds within sandstone-dominated map units gS, hS1, hS2, nS1, and nS2.
We interpret the coarser, poorly stratifi ed facies as probably representing proximal alluvial fan deposits, laid down by poorly channelized debris fl ows. The second facies are likely fl uvial deposits in a braided river environment, with sandstone interbeds representing fl oodplain deposits. Alternatively, these could represent more distal alluvial fans.
Sandstone-dominated units (gS, hS1, hS2, nS1). Sandstone units consist of medium (0.5-2 m) to thick (5-10 m) beds of well-sorted, poorly laminated medium to coarse sandstone. Most beds are planar, have nonerosive bottoms, and are laterally persistent, with only subtle thickness changes over tens of meters. The thicker sandstone beds tend to be coarser, and often have erosive bottoms, pebbly sandstone deposits at their bases that grade into coarse sand-supported pebbly wackes and fi ne upward. The sandstone beds include a few very thick (to 10 m) beds of completely unlaminated, wellsorted, homogeneous sand. Interbedded with the sandstone in these units are also subordinate (<5%) thin beds of fi ne sand, thick (3-4 m) horizons of rounded clast-supported pebble to cobble conglomerate, and matrix-supported granule to pebble conglomerates found at the top of reverse-sorted beds (Fig. 6D ). In general, most of the sandstone appears massive and unlaminated, and sedimentary structures were rarely observed in the outcrop. This may be an artifact of weathering, since lamination and crosslamination were commonly seen on the fresher surfaces of broken-off blocks.
In the North map area, in unit nS1, gravel interbeds are more common than in the two more southern map areas. These coarser beds are commonly cross-stratifi ed, and have erosive bottoms and lens-like geometries. In places, coarse sand and pebbles are supported by subequal amounts of carbonate cement and fi ne-to medium-grained matrix, effectively creating grainstones and wackestones. These carbonaterich horizons commonly show nodular weathering, as well as pressure-solution structures. These horizons appear to have formed pavements, and in places, these paleosurfaces are incised and fi lled with well-stratifi ed and sorted gravel deposits.
These units may represent either sheet fl oods on distal alluvial fans (Blair and Macpherson, 1994) , overbank deposits in a fl uvial environment, or, as proposed by Horton et al. (2002) for apparently similar rocks in the Nanqen-Yushu basins to the northwest, they could be the results of subaqueous deposition by sediment gravity fl ows on a fan delta. We prefer a subaerial interpretation for at least unit nS1 in the North area, since the carbonate-rich horizons that apparently formed pavement surfaces suggest prolonged subaerial exposure and likely arid conditions.
Mixed eolian and alluvial deposits (nS2). Unit nS2 consists of 250 m of medium to coarse sandstone with subordinate amounts of pebble to small cobble conglomerate, with coarser facies more common at the top and bottom of the unit. Conglomerate beds are generally 1−2 m thick and have erosive bottoms, lens-shaped channel geometries, and common lateral accretion crossstratifi cation structures. Pebble conglomerates and coarse sandstones interbedded with gravels are cross-laminated and have erosive bottoms and common pebble or cobble lag deposits. Between the coarse facies at the top and bottom of this unit is a 100-m-thick interval dominated by sandstones. These include very well sorted dune cross-bedded medium-grained sandstones and fi ne-to medium-grained planar sandstones with thin coarse sand to pebble conglomerate lenses. Within all these facies are common thin horizons of sand-supported pebble or granule conglomerate and carbonate-rich, nodular weathering horizons.
We interpret the well-sorted dune crossbedded sandstones as eolian deposits. Coarser facies may represent fl uvial deposition, either on alluvial fan surfaces or on a braid plain. Thin coarse beds within the eolian beds may represent ephemeral stream deposits. As in unit nS1 immediately below, the common carbonate-rich horizons may have been calcrete pavements. These, together with the eolian deposits, suggest aridity and subaerial exposure.
Mudstone and fi ne-grained sandstone units (gM1, gM2, gM3, hM1, hM2, hM3, nM1,  nM2, nM3) . Most of the Gonjo basin fi ll that we mapped consisted of fi ne-grained facies of units gM1-gM3, hM1-hM3, and nM1-nM3. These units typically consist of thinly bedded fi negrained and very fi ne grained sandstones and siltstones. The uppermost mudstone deposits in all three areas (gM3, hM3, nM3) are notably more fi ne grained and consist of siltstone and claystone with only rare thin beds of fi ne and very fi ne grained sandstone.
Beds are typically planar, with nonerosive bottom contacts. As with sandstone units in the basin, the weathering of these rocks obscures lamination and sedimentary structure. Fine lamination and rarer cross-lamination are typically visible only on recently broken-off rocks.
Much of these sections are fairly monotonous, though punctuated with occasional medium and fi ne-grained sandstone beds that crop out as resistant ledges. In the Lhasa Highway and North areas, occasional coarse sandstone and rare pebble conglomerate beds were also noted in the middle mudstone units (hM2, nM2). The coarser units are characterized by erosive bottoms and subtly lenticular beds, and they fi ne upward back to very fi ne grained sandstone and siltstone over a few meters.
Good exposures of channel cross sections cut into the characteristic thin planar beds of fi ne sandstone and siltstone were observed in the southern part of the Gonjo Village area (unit gM2 and Fig. 6G ) and in the uppermost mudstone unit in the North map area (unit nM3 and Fig. 6H ). Medium-grained sandstone, with internal ripple and trough cross-stratifi cation and ripup clasts, fi lls the channel cross sections.
Following Horton et al. (2002) for possibly analogous deposits, these rocks may have been deposited entirely in a subaqueous environment, perhaps in the most distal parts of fan deltas transporting sediment into a lake. The paucity of sedimentary structure may either indicate subaqueous deposition of sediment out of suspension or it may simply be an artifact of weathering. Alternatively, it is possible that these represent fl oodplain deposits. No direct evidence of subaerial exposure, e.g., in the form of root traces, was observed. However, the few channel cross sections in unit gM1 (southern Gonjo Village area) and common channel cross sections in unit nM3 (North map area) suggest fl oodplain and fl uvial channel environments, at least for these units.
Lacustrine siltstone, claystone, and carbonate (gL, nL). In the Gonjo Village map area, thinly (<2 cm) bedded, laminated siltstone and subordinate very fi ne sandstone of unit gM3 grade into siltstone and mudstones interbedded with a series of approximately six striking green and yellow carbonaceous shales and thin carbonate horizons with rare brown presumably organic-rich horizons. Gypsum is present as veins and fracture fi llings. In the southern part of this map area (Fig. 3 , Salt Mines sections; Fig. 5 , cross-section line B), salt is present in the subsurface and extracted by pumping water through this unit and drying it in evaporating pans. The green carbonaceous shales provide the only existing age control on the basins in the form of palynological assemblages identifi ed by Chinese stratigraphers as Eocene in age. The thickness of the carbonate-bearing horizons is highly variable and ranges from tens of centimeters where they fi rst appear in the western Gonjo Village section, to beds to ten meters thick within a strongly folded and faulted zone in the center of the basin and at the top of the eastern Gonjo Village section. The change in thickness is much less clear to the south of the Gonjo Village map area, where this unit is a locus of penetrative deformation and is exposed as a wide zone of chaotic gouge bounded by steep reverse faults.
In the North map area, volcanic rocks of unit nV are overlain by a very poorly exposed, thick section of red fi ne sandstone and siltstone, green claystone and carbonaceous shale, thin carbonate beds, thin white chalky ash horizons, and rare dark brown organic-rich deposits. Sandstone and siltstone units represent only ~15% of the observed section.
We interpret the interbedded claystone, carbonate, and carbonaceous shale units as lacustrine deposits. The salt mining operations in the southern part of the Gonjo Village map area and common gypsum veins throughout unit gL suggest variable lake extent and episodic arid playa lake conditions. However, one of the few nonbarren samples we submitted for palynological analysis yielded palynomorphs that are typically associated with humid conditions. We suspect that wetter conditions refl ected rare episodes that punctuate otherwise fairly arid conditions. Volcaniclastics and volcanogenic agglomerate (nV). Volcanic units in the upper parts of the North Gonjo section consist of lithic agglomerate that overlies a few meters of volcaniclastic quartz-, feldspar-, and biotite-bearing sandstone. The volcanic rocks consist of lithic clasts supported by a feldspar, quartz, and biotite phyric matrix. Clasts are composed of fragments of ash-fall tuff and porphyritic fl ows. Clasts are unsorted, range in size from a few millimeters to tens of centimeters, and range from rounded to angular. Stratifi cation is poor and indistinct, and lamination is absent. Apart from clast material, ash-fall tuffs were not found within the poorly exposed 500-m-thick volcanic unit, but may be present in the lacustrine deposits (nL) that overlie the volcanic rocks.
Age Control for Tertiary Rocks of the Gonjo Basin
The terrestrial redbeds of the Gonjo basin do not lend themselves well to the preservation of fossils that might provide good age control. Previously reported fossils come from the mixed siltstone, claystone, and carbonate lacustrine facies that are typically found at the top of the Gonjo basin fi ll sequence (e.g., units gL or nL, or unit Er on the Chinese maps, Qinghai BGMR). Chinese regional geological studies have reported the following assemblages from these rocks: fl ora-Palibinia sp., Alstonia sp., Carpinus sp.; palynomorphs-Ephedripites; charophytes-Charites sp. On the basis of these fossils, these rocks are assigned an early Tertiary, Paleocene-Eocene age.
Rocks of the Gonjo basin are very similar both in facies and structural setting to nearby basins described by Horton et al. (2002) . Paleogene fossils for these basins include mollusks (Hippeutis sp., Negulus sp., Cinima sp., Bithynia sp.), spores (Pterisiporites sp.), and plant fossils (Clelmus sp.). Interbedded volcanic rocks yielded Ar-Ar ages ranging between 51 and 37 Ma (Spurlin et al., 2005) 
New Age Control-Palynology
We collected samples for palynological analysis wherever we found fi ne-grained material that appeared to have undergone the least amount of oxidation and had the potential for preserving organic material. Most of these samples were barren and only three had recoverable palynomorphs. Identifi able palynomorphs included Momipites sp., Retitricolporites sp., Taxodiaceae and/or Cupressaceae sp., Inaperturites sp., Striatricolpites sp., Carya sp., Psilamonocolpites sp., Psilatricolpites sp., Tricolpites sp., Shizosporis sp. Momipites is common throughout the late Eocene and Oligocene of North America; age citations for Tibet and Yunnan are vague and range from Miocene to early Tertiary. These assemblages are very permissive in terms of the possible age ranges of these rocks. The assemblages in one sample suggest fairly wet conditions: Momipites is a pollen form of the modern genus Engelhardtia, which is a montane genus, with some species found in mountain swamps (see Appendix A for further details).
New Age Control-Isotope Ages of Volcanic Rocks
We sampled parts of the thick (~500 m) section of volcanic rocks that are exposed in the more northern parts of the basin for 40 Ar/ 39 Ar isotope analyses. Conventional mineral separation techniques were used to pick sanidine and biotite phenocrysts, which were dated by laser heating of single crystals (see Appendix B for further details). Biotite phenocrysts yielded an average weighted age of 43.83 ± 0.27 Ma (9 crystals, mean square of weighted deviates, MSWD = 0.84) and a total gas age of 43.11 ± 0.35 Ma. Feldspar phenocrysts yielded an average weighted age of 43.02 ± 0.23 Ma (5 crystals, MSWD = 0.27) and a total gas age of 43.11 ± 0.35 Ma. We interpret these dates as being the age that these rocks were erupted.
STRUCTURAL GEOLOGY
Compressional Structures
Overview
To fi rst order, for most of its length the Gonjo basin rocks describe a syncline, overturned to the west and bounded to its east by a series of east-dipping reverse faults carrying an antiform of basement rocks ( Figs. 7 and 8 ). In the Salt Mines section, the basin is bounded by a basement antiform, presumably cored by blind reverse faults that break the surface farther to the North. From the Salt Mines section north, the syncline becomes progressively more asymmetric, and reverse faults break the bounding antiform ( Fig. 7) . Displacement along the eastern bounding reverse faults appears to increase to the north. The North section consists entirely of the lower, upright limb of the former syncline (Fig. 8) . East-verging reverse faults and associated antiforms are also seen in the southern parts of the basin, on its west side, where they involve Paleozoic units. In general, however, westverging structures dominate and give the basin its characteristic asymmetrical geometry.
We broadly divide the shortening structures into three systems of faults and folds: (1) the Eastern system of generally north-to northnorthwest-striking, west-verging reverse faults and associated fault-propagation folds; (2) the Western system of discontinuous north-to north-northwest-striking, east-verging reverse faults, many of which are blind and core antiformal culminations; (3) tightly spaced thrust faults and folds that detach high up in the basin fi ll sequence, near the base of the lacustrine facies (units gM3, gL, and hM3). All three of these systems of structures are well expressed around and south of Gonjo village. To the north (Lhasa Highway and North sections), the fi rst set of structures dominates, and the western boundary of the basin rocks is everywhere a gently dipping unconformity.
Eastern Reverse Faults and Related Folds
For the entire length of the basin from north to south, the eastern boundary of the basin is bounded by a more or less continuous series of reverse faults and fault-cored, generally asymmetric anticlines. In the Salt Mines area, a broad anticline forms the eastern margin of the basin. North of this area, this anticline is broken by a reverse fault that repeats Upper Triassic rocks. The west-dipping limb of the anticline thus becomes the upright limb of an asymmetric footwall syncline that defi nes the fi rst-order basin geometry. South of the Salt Mines east side fold, the basin boundary is defi ned by a reverse fault placing Triassic rocks on the Tertiary section. Although we were not able to access these areas, existing maps show the sub-Tertiary unconformity exposed in the immediate footwall of this structure, suggesting limited stratigraphic separation and throw. In the Gonjo Village map area, subvertical Tertiary rocks unconformably overlie Triassic rocks. These are overturned in the northeastern corner of this map area ( Figs. 3 and 9 ). North of here, this fold is broken by a reverse fault presumably coring the overturned anticline. At the level of the Lhasa Highway map, the basinbounding fault places Triassic pillow basalts on Tertiary basin marginal conglomerates ( Figs. 9A and 9B ). The throw on this structure is limited to a few hundred meters, because the same basalts are also exposed beneath the sub-Tertiary unconformity in the immediate footwall of the structure.
The maximum possible throw on the eastern bounding structure is along the northern part of the basin, where the pre-Tertiary unconformity is not exposed, and the bounding fault overrides east-dipping Tertiary rocks that presumably at one time formed the western limb of a footwall syncline to this structure. Throw on the fault cannot be estimated based simply on stratigraphic separation between Triassic rocks on the western side of the basin (clastic rocks of unit T3ch), and those in the hanging wall of the thrust (carbonates of unit T3b) because pre-Tertiary shortening is unknown, and no reliable measurements of the original thicknesses of these units are available in (stratigraphic separation could vary from 100 m to perhaps 1.5 km, based on the thickness ranges published on regional survey maps). By projecting the sub-Tertiary unconformity, the minimum amount of throw on this structure is 4 km (Fig. 9 ).
Shallowly Detached Tight Folds and Reverse Faults
The nature of the sedimentary fi ll of the Gonjo basin, specifi cally, the apparent weakness of the fi ner-grained rocks, lends itself to multiple detachment levels. This is manifest as a small fault-cored fold just northwest of Gonjo village proper, penetrative thickening of the uppermost siltstone (unit hM3) of the Lhasa Highway section, multiple detached folds and gouge and fracture zones in the uppermost lacustrine facies of the North section (nL), and most spectacularly as a train of tight, overturned folds and multiple westverging reverse faults that characterize the upper lacustrine units (gL) of the Gonjo Vil-lage and Salt Mines sections (Fig. 9C ). Most of these features are exposed on the western limb of the fi rst-order basin-scale structure and consistently verge and are overturned to the west. Some of this deformation is the result of out-of-syncline thrust sense detachment, fl exural slip, and quasi-ductile accommodation in the core of the fi rst-order syncline. At the level of the Salt Mines section, all the internal deformation of the uppermost lacustrine units (gL, Fig. 8 ) is probably entirely detached at their base. A few kilometers to the north, in the Gonjo Village section, a few hundred meters of inferred separation along the easternmost internal reverse fault may be related to a splay of the main basin bounding structure (Fig. 8) . Much farther to the north, along the Lhasa Highway section, the uppermost mudstones (hM3) are near penetratively thickened by pervasive slip surfaces subparallel to bedding, tight to isoclinal interfolial meter-scale folds, and tight to open fault propagation folds on the scale of tens of meters.
Western Reverse Fault and Fault-Propagation Fold
Although the most striking and spectacular deformation is concentrated on the eastern side of the basin, the west side is also characterized by reverse faults and fault-propagation anticlines. West of the village of Gonjo, the western bounding structure is a broad anticline cored by Carboniferous carbonate rocks. Small, eastverging reverse faults presumably splay from the principal reverse fault that cores the broad anticline and expose Carboniferous rocks in the cores of small anticlines that deform the lowest units of the Tertiary basin fi ll (gE, gM1). A few kilometers south of Gonjo, the blind reverse fault breaks the surface and places Carboniferous rocks over Tertiary deposits. The displacement on this structure continues to increase to the south, and, at the Salt Mines section, lowermost Tertiary strata (gE) in the footwall of this fault form the steeply dipping west limb of the basin-scale syncline (Fig. 8) . The north-south variation of the lower units of the Tertiary section is probably related to this. Where the west side reverse fault is blind, the lowermost units consist of eolian sandstones (gE) and fi ne-grained facies of unit gM1. Along the Salt Mines section, this thrust carries Carboniferous carbonates over the lower eolian unit (gE) and is the source for the coarse alluvial gravels at the bottom of the Salt Mines west section (gG1). Notably, increased throw on the west side structure from north to south from Gonjo Village to the Salt Mines section is roughly balanced by decreased throw on the east side structure (Fig. 8) . 
Strike-Slip Faulting
The narrow and elongate geometry of the Gonjo basin led some earlier workers (Hou et al., 2003; Li, 1996) to interpret it as a pull-apart basin. Such a model requires strike-slip faults with traces striking parallel to the basin, a series of secondary normal faults at high angle to the strike of the basin causing subsidence, and predicts specifi c growth stratal patterns. Specifi cally, for a north-south-trending pull-apart basin, units should show thickness changes in a north-south direction, and syntectonic sediments should strike oblique to the basin boundaries. We found no north-south variations in unit thickness that would suggest the presence of secondary structures oblique to the main basin-bounding faults, and all units strike parallel to the contractional basin-bounding structures. In the course of our mapping, we found no evidence for signifi cant strike-slip deformation parallel to the basin on the basin-bounding faults. On regional geological maps (Qinghai BGMR), the fault defi ning the western boundary of the basin can be traced southward for a considerable distance, and the map relations do not provide any evidence for strike-slip motion along this structure. As shown on regional survey maps, this fault dips steeply (~60°) to the east, and appears to be a thrust for its entire length.
Although basin-parallel strike-slip faults were not found, strike-slip faults that strike at a high angle to the basin-bounding structures are common. We group these into three sets. The fi rst consists of three major northwest-striking leftlateral faults that offset basin units and the main basin-bounding faults. The second is a system consisting of a large number of east-striking left-lateral faults with very small amounts of slip on any one structure that is associated with the highly deformed lacustrine rocks near Gonjo village. The last set is a number of small east-to northeast-striking right-lateral faults that affect the northernmost part of the basin. In all cases, strike-slip deformation along these structures postdates sedimentation and shortening, and some of these faults may be quite young.
Northwest-Striking Late Left-Lateral Faults
Three important northwest-striking left-lateral faults are indicated on the large-scale map of the basin (Fig. 2) . Two of these truncate the southern end of the basin and displace the main mapped eastern-bounding reverse fault. A third, the apparently largest of the three, offsets the entire basin about two-thirds the way up its length and complicates the correlation of the North Gonjo basin stratigraphic section with those mapped to the south. The southern faults are shown as dipping toward the basin rocks and having both reverse and normal separation on the regional maps. Although poorly exposed, we were able to trace out the northernmost of the two southern faults. Where we traced the fault, it was subvertical, and we suspect that the apparent ambiguities on the older maps are partly the result of the trace of this fault being closely coincident with a pre-Cenozoic, northeast-dipping fault. Based on map relations suggesting that all three of these faults offset the main basin-bounding structures, as well as truncate facies trends, these faults must be younger than the shortening structures in this area. In particular, although we were not able to access the northernmost of the three northwest-striking faults, we note that it is coincident with a geomorphically well expressed lineament traceable on both digital elevation models (DEMs) and remote sensing imagery and exactly along strike with the active Litang fault to the southeast, which at least raises the possibility that these structures are quite young and may have been active since Pliocene time.
Distributed Left-Lateral Faults
High-angle faults with small offsets are ubiquitous throughout the region, but there is a particular concentration of these associated with the steeper, pervasively folded and faulted lacustrine strata in the core of the basin in the southern map area (Gonjo Village and Salt Mines areas). Commonly, sets of small (<1 m) offset faults are spaced at the scale of 1 or 2 m. These faults are predominantly subvertical (60°-90° dips, mean 85°) and trend anywhere from 260° to 280° (mean 265°). Slickenstraie and fault cylindricity are uncommon, but where present, these pitch at low angles on the fault surface (0°-30°). Although dextral and sinistral A B senses of separation (taken to be offset, given the low angle of slickenlines and the consistency of sense of offset for the complete range of bed orientations) are observed, >80% of faults (56 of a random sample of 67) show leftlateral offset.
These faults are most easily recognized where beds are steeper and more distinct, especially in the alternating green shale, carbonate, and red siltstone and claystones of unit gL. It is therefore possible that the greater density of these faults in the core of the basin may refl ect an observational bias. Nevertheless, the association of these faults with shallowly detached and highly deformed beds appears to be real. Detailed outcrop-scale mapping showed no kinematic relationship between shortening structures and strike-slip faulting; strike-slip faulting unequivocally postdates shortening (Fig. 10) . We suspect that there may be a relationship between strain partitioning and weak and shallowly detached rocks.
Relationship Between Sedimentation and Crustal Shortening
The unconformity below the Tertiary rocks of the Gonjo basin is exposed almost everywhere along the entire length of the basin, on both west and east sides, with the exception of the northern part of the basin, where westverging reverse faults on the east completely override the marginal facies of the basin. The pre-Tertiary unconformity is developed on a wide range of stratigraphic levels, from Ordovician to Upper Triassic rocks, but even where Tertiary rocks overlie Upper Triassic strata, they do so above an angular unconformity. Moreover, the pre-Tertiary unconformity also overlies a subvertical spaced cleavage developed in the clastic basement lithologies. That is, the nature of this unconformity provides clear evidence of post-Late Triassic, pre-Cenozoic compressional deformation in the region. The Gonjo basin rocks are deformed and the absence of horizontal Tertiary strata requires that compressional deformation outlasted deposition of strata currently exposed at the surface.
Beyond the obvious pre-early and post-early Tertiary shortening, we found growth stratal relations that suggest that the initiation of Cenozoic shortening began concurrently with the deposition of the Gonjo basin sediment, and that deformation outlasted sedimentation. This consists of outcrop-or hillside-scale growth strata low in the sedimentary sequence related to folds and faults on the western side of the southern part of the basin, as well as basin-scale patterns of unit thickness changes toward the east side structures, most clearly expressed along the Gonjo village section (Fig. 11) .
Outcrop-Scale Growth Strata
Outcrop-or hillside-scale growth stratal relations are exposed on the western side of the southern part of the basin. Small anticlines west of Gonjo village cored by Carboniferous limestone involve a few tens of meters of the lowermost fi ne-grained mudrocks and sandstones of unit gM1, above which the Tertiary rocks are not deformed by this structure. East and upsection of the fold closure, beds show onlap relations to the nose of the fold (Figs. 11A and  11B ). This implies that this fold developed syn-chronously with some of the earliest deposition of the Gonjo basin rocks.
Along the Salt Mines section, eolian sands (gE, the youngest Tertiary map unit) on the west side of the basin form the lower limb of a footwall syncline, and are overthrust by Carboniferous limestone (Figs. 11C and 11D) . Immediately adjacent to the fault, these beds dip steeply (60°-67°) to the east. Upsection, the beds become progressively less steep. Approximately 100 m up in the section the beds are shallowly dipping (25°-28°) and conformable with the rest of the section. The topmost bed, shown in Figure 10C , is the fi rst thick cobble conglomerate of the Salt Mines section (unit gG1). The clasts in this bed are almost exclusively derived from the Carboniferous strata immediately to the west.
Outcrop-and hillside-scale growth relationships were found to involve basin-bounding structures and the lowermost stratigraphic units Figure 11. (A, B) on the eastern side of the basin. Most of the Tertiary strata were deposited later, suggesting that the locus of subsequent and continued deformation shifted from structures on the west side of the basin to the eastern structures. After cessation of motion on the western structures, coarser facies related to western bounding structures (unit gG1, in the Salt Mines section) propagated farther into the basin.
Basin-Scale Growth Strata and Facies Changes
Beyond the outcrop (or hillside) scale growth stratal relations outlined above, we suggest that changes in total section thickness from west to east may refl ect variation in accommodation space during the development of the asymmetric syncline that defi nes the overall geometry of the basin. The asymmetry of the large-scale basement-cored fold bounding the basin to the east resulted in accommodation space decreasing from the core of the syncline toward the steep limb of the basin bounding anticlinal uplift to the east (Figs. 11C and 12) . As a result, the western stratigraphic sections are signifi cantly thicker than the eastern section in the Gonjo Village map area ( Figs. 3 and 8) . The lowermost strata of both the Gonjo Village and Salt Mines sections show the greatest changes in unit thickness from west to east, and, although facies variations make exact correlation imprecise, it appears that accommodation space was controlled by the east side structures early in the basin history. Propagation of the blind thrust coring the fold, steepening of the fold, and detached deformation in the core of the fold outlasted sedimentation.
This geometry superfi cially appears to differ from the expected geometry of convergent basins. Foreland basins are commonly depicted as a wedge of sediment thickening toward a basin-bounding thrust (e.g., Jordan, 1995; Beaumont et al., 1982) . This geometry results from the simple model conditions of a fl exural basin, where the orogenic load of the thrust belt is modeled as a simple linear end load (e.g., Turcotte and Schubert, 2002) and is a reasonable approximation for true fl exural basins, the wavelengths of which typically reach hundreds of kilometers. In detail, where (relative) subsidence and accommodation space are controlled by blind faults and basement-cored folds rather than the elastic (or viscoelastic) fl exure of the entire lithosphere, entirely different stratal geometries are predicted near the bounding structures. Before the blind fault breaks the surface, strata are thickest at some distance from the edge of the basin and rapidly thin toward the growth fold (Fig. 12A) . After the reverse fault breaks its growth fold, however, the axis of maximal subsidence is likely to coincide with the tip line A B of the basin-bounding thrust as the footwall is underthrust. This second stage of growth strata may be represented by the apparent thickening toward the east of the green carbonaceous shale marker beds in the lacustrine facies of unit gL (Fig. 12B ). This two-stage model of growth stratal geometries-a growth fold stage followed by a fault-controlled stage-is somewhat reminiscent of the two-stage synextensional sedimentary response to the propagation of blind normal faults described in the Suez rift (Sharp et al., 2000; Gawthorpe et al., 1997) . In a perhaps analogous compressional setting, basins related to the Laramide uplifts of the western North American Cordillera commonly show many of the same stratal geometries (Jordan, 1995; Macqueen and Beaumont, 1989; Berg, 1962) near the bounding thrusts and reverse faults.
If the lacustrine deposits are coeval with the growth faults breaking the surface, then splays of the bounding eastern faults deformed deposits in the Gonjo basin very soon after deposition. The competence contrast between carbonates and poorly lithifi ed siltstones and claystones may explain the wild, tight folding of this sequence. The foregoing discussion suggests that (1) the narrow wavelength of the basin is not simply an artifact of preservation, since bounding structures were active from the outset of sedimentation; and (2) the development of accommoda-tion space for the Gonjo basin sediments can be explained entirely in terms of the structural relief generated during compressional deformation.
DISCUSSION
Structural and Depositional Setting
We interpret the sedimentary fi ll of the Gonjo basin as having been deposited in a narrow, elongate basin whose lateral extent was comparable to that of the currently exposed rocks and controlled by contractional bounding structures. The Gonjo basin stratigraphy was a product of continental, mostly fl uvial sedimentary environments. Coarse-grained facies typically were deposited as alluvial fans, by fl uvial or debrisfl ow transport. Finer-grained facies represent either distal fan, overbank, or crevasse-splay fl oodplain deposition. The fi nest-grained material and the carbonaceous shales and carbonate rocks represent lacustrine environments. Arid conditions are suggested by eolian sandstones and possible paleocalcrete pavement surfaces, especially in the North map area. Arid conditions could refl ect basin deposition in a rain shadow created by high topography, although one palynological assemblage suggests that there must have been at least occasionally wetter conditions. Coarse-grained facies are mostly found either immediately above the basal unconformity or at basin margins where we mapped bounding structures that would have been associated with the uplift and erosion of adjacent rocks. Coarse-grained rocks generally form thick sections on the east side of the basin in the sections mapped in the Gonjo Village and Lhasa Highway areas of the basin. In the Salt Mines area, relatively thick sections of coarse conglomerate are near the bottom of both the western and eastern sections, consistent with the basin being bounded by thrusts and thrustcored anticlines on both sides. The preponderance of fi ner-grained sediment in the Gonjo Village and Lhasa Highway sections suggests that subsidence was rapid enough relative to sediment delivery to confi ne coarse-grained material to the margins, with more distal facies dominating most of the exposed sedimentary section. The general fi ning-upward pattern and transition to lacustrine facies observed in all three areas could therefore be a tectonic signal, representing either increased subsidence and consequent transition to underfi lled conditions, or closure of the basin and the establishment of internal drainage. However, we cannot rule out climatic variation, and there may a certain bias due to lateral, margin to center facies variations: the lower parts of the stratigraphy are exposed at the basin margins, and the uppermost units are found in the center.
The Gonjo basin rocks share a similar depositional and structural setting with the other early Tertiary basins found farther to the west in the central parts of the Tibetan plateau (Horton et al., 2002; Spurlin et al., 2005; Wang et al., 2002; Liu and Wang, 2001) . Like those basins, the identifi cation of growth strata implies that sedimentation occurred in the early stages of upper crustal shortening. Modern analogous basins might include the arid intermontane basins caught between thrust-bounded ranges in the Argentine Puna and the Qilian Shan and Nan Shan ranges northeast of Tibet. The latter basins represent the most obvious contemporary analogues Meyer et al., 1998) . Although the narrow and elongate geometry of the Gonjo basin rocks might be taken as suggestive of strike-slip faulting during basin development, we found that strike-slip faulting defi nitely postdates sedimentation and compressional deformation. The geometry of sedimentary stratal packages is furthermore inconsistent with strike-slip faulting either creating accommodation space in a releasing-bend setting, or active strike-slip faulting during sedimentation in a transpressive setting (e.g., the Ridge basin, California; Crowell, 2003) . Spurlin et al. (2005) prepared balanced cross sections across the lower Tertiary Nanqian-Yushu and related basins and proposed that nearly 40% shortening occurred in early Cenozoic time in a region only a few tens of kilometers northwest of the northern Gonjo basin. In the region around the Gonjo basin, however, we found abundant evidence for pre-Tertiary shortening that presents diffi culties for the straightforward estimation of Cenozoic shortening here. East of the basin, Mesozoic rocks are deformed into broad, upright folds, with thinner bedded clastic rocks detached at formation contacts and folded at much tighter wavelengths. Reverse faults are generally steep, and are not associated with signifi cant stratigraphic separation. The deepest stratigraphic levels exposed east of the Gonjo basin are granites and variably metamorphosed Paleozoic sedimentary rocks adjacent to the Jinsha suture, but even this exposure is not indicative of a significant thrust, because Lower Triassic rocks unconformably overlie these rocks (Fig. 2) .
Cenozoic Shortening
Even if we could document signifi cant amounts of shortening in the rocks near the Gonjo basin, the biggest uncertainty is how much of the deformation of the rocks exposed between the Gonjo basin and the Jinsa suture is Cenozoic in age. Reid et al. (2005a) interpreted the relatively simple deformation of these rocks as being the product of one episode of deformation, and suggested that the age of the deformation was Late Triassic to Jurassic. Our mapping has found angular unconformities between Triassic rocks and the Gonjo basin fi ll, which requires pre-Cenozoic deformation in this area. However, contractional structures deforming the Gonjo basin are clearly Cenozoic in age, and these are the only structures within the area west of the Jinsha suture (Fig. 2) that are unequivocally Cenozoic. Given the lack of direct evidence of multiple generations of deformation in the Triassic rocks away from Gonjo basin, Cenozoic shortening was either limited to the structures directly deforming Tertiary rocks, or was broadly coaxial with Mesozoic deformation and may have involved tightening previously existing structures. Therefore, although we can estimate, from restoring cross sections, the amount that the Gonjo basin has been shortened (the Salt Mines area has been shortened 16%−22%; the 8-km-wide North section is overthrust by a fault with at least 4 km of horizontal displacement), lacking the ability to distinguish between Mesozoic and Cenozoic structures away from the basin, these estimates cannot be extrapolated beyond the narrow corridor within which the basin rocks are exposed. Even if we were able to discount Mesozoic deformation, the structural style of this region consists of broad, upright folds and reverse faults associated with only limited amounts of stratigraphic separation, and so does not suggest signifi cant amounts of shortening. The shortening of the Gonjo basin consists of a single broad fold, and the throw on reverse faults bounding the basin on its east side is generally quite limited.
Cenozoic Crustal Thickening in the Gonjo Basin Area
The region around the Gonjo basin is underlain by thick continental crust, which accounts for the high average elevations in this area. Although considerable pre-Cenozoic crustal thickening cannot be discounted, the present high elevation of the Gonjo basin cannot be completely accounted for by late Mesozoic and early Cenozoic upper crustal shortening. The basin is perched more than 2 km above the elevation of the Jinsha River, but incision of the landscape is incomplete. Most of the Gonjo basin rocks are exposed upstream of knickpoints that represent the extent of river incision propagation. The timing of river incision in this area is unknown, but the onset of present incision signifi cantly postdates sedimentation. At the scale of the plateau margin, low-temperature thermochronology of rocks exposed at the bottoms of canyons cut by the major rivers draining the eastern margin of the plateau suggests that major incision of the plateau margin occurred in the late Miocene (Clark et al., 2005) . That is, there is a signifi cant lag between the latest upper crustal shortening and river incision, which suggests late uplift of the plateau margin and crustal thickening signifi cantly postdating deformation of the upper crust.
Tertiary Rocks, Structures, and Cenozoic Crustal Thickening of the Three Rivers Area
The distribution of early Tertiary basins of the eastern plateau margin defi nes an arcuate belt that is east-west trending on the central plateau and north-south trending in Yunnan province (Fig. 1) . Like the Gonjo basin and other Tertiary rocks exposed in the central plateau, they are generally found in synclinal troughs in the footwalls of reverse faults of limited throw. Both in Tibet and into Yunnan province, these basins follow the dominant structural grain, which is oblique to gradients in elevation and crustal thickness. Southeast of the Gonjo basin, basin orientations refl ect east-west shortening, whereas crustal thicknesses and elevations decrease steadily from northwest to southeast. The record of upper crustal shortening at the scale of the entire eastern Tibetan margin is such that (1) Cenozoic upper crustal shortening appears to be quite minor; and (2) the structural pattern of this deformation is highly oblique to, and therefore cannot explain, the gradient in crustal thickness.
Strike-Slip Deformation
We found no evidence for strike-slip motion parallel to the basin-bounding faults. In particular, we can rule out strike-slip deformation as being a mechanism for the creation of accommodation space for the Gonjo basin sediments in a pullapart or releasing step-over setting. Strike-slip deformation is present in this area, but consists of east-west-or northwest-southeast-trending structures that unambiguously postdate folding and reverse faulting. We note that the orientation and shear sense of northwest-southeast faults is the same as the active Litang fault mapped to the southeast. In particular, the most prominent such fault, which crosses the basin one-third of the length from north to south, is almost perfectly in line with the Litang fault, and is clearly traceable on both remote sensing images and DEMs. This raises the possibility that not only do these faults postdate shortening in this area, but they may be quite young. Also interesting is the very distributed and poorly localized nature of the ubiquitous small-offset faults that deform the tightly folded and shallowly detached lacustrine sediments in the southern part of the basin. The presence of gypsum, salt, and weak shale lithologies clearly accommodates the tight geometry of the folds and the detached style of deformation of these units. The apparent association of poorly localized, distributed strike-slip faulting with these rocks also suggests to us that the shallow detachment surfaces may play a role in strain localization of strike-slip faulting.
The lack of early strike slip affecting the rocks of the Gonjo basin has implications for the nature of strike-slip deformation regionally. Any potential major translation or rotation of the Gonjo basin rocks has to have been accommodated by faults away from the basin, and the nearest candidate is along the trace of the Jinshajiang suture, tens of kilometers east of the basin. Any early translation or rotation affecting this area would have had to involve larger, effectively rigid crustal fragments. However, the late, poorly localized and distributed strike-slip faulting that we document may refl ect the processes that may have accommodated the defl ection of geological trends, from east-west orientations in the central Tibetan plateau to north-south orientations southward into the Three Rivers area (Fig. 1 ), suggesting a wide zone of right-lateral shear accommodating northward propagation of the Eastern Himalayan syntaxis (Hallet and Molnar, 2001; Dewey et al., 1989) . If so, this suggests that the defl ection of geological trends north of the Eastern Himalayan syntaxis is a relatively young feature, and that the apparently ductile-mode deformation suggested at the regional map scale is actually produced by distributed but brittle deformation mechanisms at the surface.
APPENDIX A: PALYNOLOGY
Text and analysis by: Dr. Pierre Zippi Biostratigraphy.com, Inc. Garland, TX, USA.
Samples that appeared to have suffered least oxidization and greatest potential preservation of organic material were selected for palynological analysis. Samples were prepared using standard sample preparation techniques including washing in distilled water and HNO 3 , dissolution of carbonate and silicate minerals in HCl and HF acids, sieving and mounting on microscope slides. Sample processing was performed by PaleoLab in the Woodlands, TX. Slides and residues were shipped to Biostratigraphy.com, LLC in Garland, Texas, for sample analysis. Dr. O. Colmenares performed the palynological enumeration. Dr. Pierre Zippi performed the kerogen and thermal alteration analysis, and re-examined all the samples. Dr. Zippi is responsible for the age, paleoenvironment, and thermal maturation interpretations of the samples. For each sample, palynological species are listed along with the number of specimens observed. The kerogen particle types are listed in order of semi-quantitative relative abundance. The thermal alteration index (TAI) is estimated from spore color. Equivalent vitrinite refl ectance values (%Ro) and maximum temperature (ToC) are estimated from TAI. Age signifi cant taxa are used to propose possible age ranges for samples, and probable paleoenvironments are interpreted from fl oral composition.
Kerogen: Abundant black opaque charcoal, rare dark tracheids and insoluble minerals.
TAI: 2+ to 3-(pollen thermally altered, substantial burial). Estimated %Ro = 0.70, ToC = 107
Age: The presence of Glomus spp can be interpreted two ways: 1) the specimen is contamination from plant roots penetrating the outcrop sample; 2) the specimen is in-situ and the age is sub-Recent, probably Quaternary, with the older, darker fossils reworked from Early Mesozoic coals. Calamospora tangpuensis is known only from the Late Triassic of coal-bearing strata of Hunan (Xiang) and Jiangxi (Gan) District (Qian et al., 1983) . Lophotriletes delicatus was reported from the Late Permian (Ouyang and Li, 1980) ; however, the age of the host-coal was later interpreted as Early Triassic (Mao et al., 1984) . Although these ages are in close agreement, both taxa were not assigned directly to the original species. The ages of the remainder of the assemblage are all longranging, but consistent with Triassic or Early Mesozoic. The absence of angiosperm pollen also helps to restrict this age of this sample to Jurassic or older.
Paleoenvironment: Fluvial/paludal, wet forest?
1E22A Gonjo village section
Barren of palynomorphs. Kerogen: Abundant dark tracheids and black charcoal/coal. TAI: Unknown; no in-situ pollen/spores observed. Ages for volcanic rocks exposed in the northern part of the Gonjo basin were determined by dating feldspar and biotite phenocrysts extracted from the groundmass. Samples prepared using standard mineral separation techniques. Samples were coarsely crushed, and sieved. Biotite, muscovite and K-feldspar minerals were separated using electomagnetic techniques, heavy liquids and handpicking. Feldspar concentrates were ultrasonically etched c. 10% HF acid for 5-7 mins. All concentrates were further cleaned in ultrasonically with distilled water and ethanol, re-sieved, and re-picked to approximately 99% purity.
The fi nal separates were in copper foil and irradiated in the McMaster University reactor, Canada, without Cd-shielding. Argon was extracted from the irradiated samples by single crystal laser-fusion with an Ar-ion laser, and measured using a MAP 215-50 rare gas mass spectrometer equipped with a Johnson MM-1 electron multiplier operated at a gain of c. 10,000. Values for the irradiation parameter J were determined relative to 28.34 Ma for co-irradiated Taylor Creek sanidine (Dalrymple and Duffi eld, 1990; Renne et al., 1998) , and is known to better than 0.25% (1σ) for all samples. Corrections for interfering reactions were 0.000672 for 39 Ar/ 37 Ar(Ca), 0.000280 for 36 Ar/ 37 Ar(Ca), and 0.025 for 40 Ar/39Ar(K). 40 Ar/ 39 Ar model ages for each gas extraction step were calculated assuming an initial 40 Ar/ 39 Ar value of 295.5 and are assigned a 2σ uncertainty that refl ects propagated analytical errors and the reactor fl ux monitor J. Total-fusion results are reported as a weighted mean age of all crystals fused, calculated using the inverse of the variance as the weighting factor. 
